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SUMMARY

J
This report presents the results of a study conducted by ARINC
Research Corporation to develop the unit production cost of the Radar Bea-
con Transponder (RBX). The study was conducted for the Federal Aviation
Administration (FAA) Systems Research and Development Service (SRDS) and
Office of Systems Engineering Management (OSEM) under Contract
DOT-FA76WA-3788.

On the basis of circuit and equipment designs developed by ARINC
Research, the unit production cost (factory selling price) of the RBX was
determined to be $53,190. Equipment costs were derived using the account-
ing method of cost estimating. System development and production tooling
costs were not included in the unit production cost. All costs are based
on 1981 dollars without inflation. Table S-1 summarizes the cost analysis

) of the RBX.
Table S~1. RBX TRANSPONDER COST
(1981 DOLLARS)
Equipment Cost
Receiver-Processor 7,813
Transmitter 29,640
; Performance Monitor 8,877
‘ Power Supplies 1,734
Cabinet 3,684
. Antenna 1,442
Factory Selling Price 53,190

ARINC Research Corporation developed a modular transmitter design
that used four 1,150-watt amplifier modules. Using the appropriate number
of amplifier modules, we were able to estimate the costs of a 1 kilowatt
(1 kW) transmitter and a 2 kW transmitter -- $9,580 and $17,530, respec-
tively. On the basis of these costs, the cost of an RBX with a 1 kW

) ]
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transmitter would be approximately $33,130; an RBX with a 2 kW transmitter
would cost approximately $41,080. It is emphasized, however, that if we
were designing an RBX with a 1 kW or 2 kW transmitter, the transmitter
design might be completely different.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The Federal Aviation Administration (FAA) is developing the Radar Bea-
con Transponder (RBX) to provide automatic control of Beacon Collision
Avoidance System (BCAS) activity within specified distances from terminal
areas. The technical staff at FAA Technical Center assembled and tested
an engineering model of the RBX, using existing hardware modified for RBX
operation. However, this engineering model did not reflect the expected
production designs that would be generated by competitive procurement.

The FAA Systems Research and Development Service (SRDS), in conjunc-
tion with the Office of Systems Engineering Management (OSEM), tasked
ARINC Research Corporation, under Contract DOT-FA76WA-3788, to develop the
unit production cost of RBX equipment in guantities of 100 to 200 systems.

1.2 PROJECT OVERVIEW

The objective of this analysis was to develop an independent assess-
ment of the unit production cost of electronics required to implement the
RBX. ARINC Research Corporation developed the unit production cost of the
RBX system, using the cost accounting method of cost estimating. This
report presents the results of the evaluation. The results are presented
in 1981 dollars, consistent with the technology and available data on
which the estimates were based.

1.3 ORGANIZATION OF THE REPORT

The six chapters of this report address the RBX design and the tech-
nique used for estimating the unit production cost, and present the results
of the analysis.

Chapter Two describes the cost estimating methodology used to obtain
the desired unit production costs. Chapter Three presents the RBX config-
uration. Chapter Four presents the cost development for the RBX, and

1-1




Chapter Five presents cost developments for variations of the RBX trans-
mitter design. Chapter Six summarizes the results of the analysis. Final-
ly, Appendixes A through D are detailed cost sheets associated with the
analysis, and Appendix E presents the microprocessor system interface
diagram.
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CHAPTER TWO

COST ESTIMATING METHODOLOGY

ARINC Research developed the cost of the RBX by converting engineering
requirements and functional specifications to a possible production equip-
ment design. The ARINC Research design allowed for development of a
detailed bill of materials.

2.1 RETAIL COST METHOD

The technique chosen for the cost evaluation is the industry standard
accounting method of estimating production costs on the basis of estimates
of the numbers and types of piece parts. The method requires detailed
bills of materials and associated labor units, schematic diagrams, mechan-~
ical and electronic module layouts, and total quantity of units to be
manufactured. Material costs are based on original equipment manufacturer
(CEM) price lists in component quantities of 1,000 or greater. Allowances
are made for large parts procurements common to equipment manufacturers.
Finally, the accounting structures of potential manufacturers must be
known to allow for labor, overhead charges, quality control costs, general
and administrative (G&A) expenses, and the normal profits experienced in
the electronics industry.

2.2 COST INPUT DATA

The data necessary for preparing cost estimating work sheets using
the accounting method are usually taken directly from engineering bills of
materials. The component part numbers are identified, and quantities are
entered on the work sheecs. Procurement costs of the components are
obtained either from OEM price lists or, in cases where the component is
unique or in a high-cost category, through direct quotes provided by OEM
distributors. Labor associated with fabrication or assembly of components
is estimated in terms of hours per 1,000 units in a mass production assem-
bly line. Most manufacturers maintain historical data containing the
average labor estimates for both manual and automatic insertion processes.
These data provide the average labor hours associated with assembly of the
components configured in a module (e.g., printed circuit card) or a
subassembly. The total labor hours are comparatively evaluated to deter-
mine the complexity of the assembly in relation to the historical data.




If the module is complex (that is, it has high component density or
requires printed circuit boards with multiple layers), a compensating
complexity factor is applied to the labor estimate. A complexity factor
is also applied to the labor estimate when the gquantity production rates
are small. The resulting material costs and labor estimates provide the
data necessary for devcioping the cost estimating output sheets.

2.3 COST OUTPUT DATA

The work sheets used in developing total equipment costs are struc-
tured to provide cost information on individual modules (or subassemblies)
and total equipment units. This method provides information that is use-
ful in evaluating life-cycle costs in cases where module stockage and
associated costs are necessary for determining the recurring and nonrecur-
ring logistics costs. Total equipment unit costs include unit assembly,
test, and integration costs incurred when the equipment package is
completed.

Costs are developed by considering the expense of materials, material }
handling charges, labor at either known or estimated hourly rates, average
overhead obtained from a sampling of manufacturers, and factory inspection r
costs during production. An allowance of 25 percent of these direct costs
is made to cover production engineering and quality control, and the result
is the factory cost of the subassembly or electronic unit. The addition
of G&A costs, together with a reasonable profit, provides the OEM, or
selling, price of the unit.

[

The output data sheets are also structured to permit easy reevaluation
of the expected costs of electronics by substituting different labor,
overhead, G&A, profit, and markup rates if there is sufficient concern
over the data used or if a manufacturer prefers to use the exact factory
rates rather than the indstry average.
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CHAPTER THREE

RADAR BEACON TRANSPONDER CONFIGURATION

The purpose of the ground-based RBX is to control the threat-detection
sensitivity level of the BCAS in appropriately equipped aircraft. The RBX
will be used in Air Traffic Control (ATC) terminal areas where the Discrete
Address Beacon System (DABS) is not installed. The RBX will also relay
displayed BCAS resolution advisory data to an automated ATC terminal facil-
ity. This chapter describes the RBX design, which we developed from RBX
engineering requirement FAA~ER-250-3 of 13 February 1981.

3.1 RBX TRANSPONDER DESIGN

To develop the bill of materials required in determining the unit
production cost of the RBX, ARINC Research designed an RBX to meet the
FAA's maintenance concept of the 1980s. Our design consists of five major
modules housed in a 68-inch-high cabinet. All modules except the power
supplies use packaging concepts that allow subassemblies of the modules
to be plug-in field or line-replaceable units (LRUs). This allows the
RBX to be restored to service with subassembly replacement in the event
of a failure.

The five major modules that are integrated into the cabinet-mounted
racks or drawers are the receiver-processor, transmitter, performance
monitor, and two power supply modules. An omnidirectional antenna is also
required. Figure 3-1 shows a possible RBX configuration.

Figure 3-2 presents a functional description of the entire RBX and
displays the interconnection of the various modules in the system. The
intent of the figure is to show the interrelationships of the major modules
of the RBX.

3.2 RBX MODULES

3.2.1 Receiver-pProcessor

The receiver-processor module is packaged into a standard 19-inch
drawer. It consists of an RF front end, two analog processing printed
circuit boards (PCBs), two timing PCBS, and three digital PCBs containing
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a microprocessor, its peripherals, and associated controls. Inputs to and

outputs from the receiver are through rear-mounted connectors. Figure 3-3 )
illustrates our concept of the receiver-processor module. ¥

b | )L

Figure 3-3. RBX RECEIVER-PROCESSOR MODULE

The RF front end consists of a coupler, preselector, and RF shielded
casting. The casting, designed as an LRU, contains the limiter, low-noise
amplifier (LNA), local oscillator, and mixer. The limiter, LNA, and local
oscillator employ microstrip design techniques. The coupler, preselector,
and mixer were considered to be purchased items. The casting enclosure
was costed as a manufactured item. A high assembly time is associated with
the RF front end, because matched rigid cable is used for interconnections.

The seven PCBs of the receiver-processor are standard 6-inch-by-8-inch .
PCBs. Four of the PCBs are contained in an RF shielded enclosure. Of '
these four, two contain the IF, pulse detection, pulse decoding, DPSK
demodulation, and associated circuitry; one contains the timing clock cir-
cuitry; and the fourth contains the time-of-day PCB, which is a purcuased

item. The remaining three PCBs contain the processor circuitry.

The processor is a microprocessor-based data bus system whose primary
function is data handling and sequencing. Appendix E shows the system
interface schematic for the processor.

3-4
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The sensitivity map for range and altitude is stored in a PROM to
allow for possible changes. The sensitivity required by any interrogator
is determined in an iterative manner. Once the 112-bit message from the
BCAS is received and loaded into the data shift register, the microproces-
sor starts a sequence of events to determine the required sensitivity.

The lowest altitude of the sensitivity map is presented to one side of a
comparator, while the other side of the comparator looks at the transmitted
altitude. The comparator sends a high, low, or equal response to the
microprocessor. This cycle continues up the stored altitude map until a
greater~than response is received on the interrupt line to the microproces-
sor. Each time a new altitude is recalled from the PROM, a counter is
advanced. Whenever a cycle is run from the range map, a similar counter

is advanced. The counter values are read into the PROM to derive a sensi-
tivity. The microprocessor performs subroutines to check jitter near map

boundaries.

To start a squitter transmission, the clock circuits strobe the micro-
processor. Since the shift register used to hold received data is also
used to store the transmission data, a squitter transmission requires only ;
a read from the ROM. When replying to an aircraft, the RBX stores the :
aircraft address in the RAM until the transmission formatting sequence

starts. i
}

The microprocessor also stores transmitted data when so requested by
ATC. The microprocessor is also used to control performance monitor data i

storage.

The performance monitor drives interrupt lines to the microprocessor
as well as encode data for requests from ATC. The microprocessor, when
requested, will recall data from the RAM and the performance monitor to be
sent to the Common ICAQ Data Interchange Network (CIDIN) interface.

3.2.2 Transmitter

The transmitter consists of six modules packaged into a standard
19-inch rack. The modules, each of which is a removable plug-in unit,
consist of an intermediate power amplifier (IPA) module, four 1,150-watt
amplifier modules, and a four-to-one (4:1) combiner module. Inputs to
each of the modules are through rear-mounted connectors. Figure 3-4 is a
block diagram of the transmitter; Figure 3-5 shows the packaged transmitter

rack.

We chose a modular approach in designing the transmitter to allow the
RBX to remain operational at a reduced power capability if any one power
amplifier module failed. This modular approach also enhances the maintain-
ability of the RBX by allowing direct replacement of plug-in modules.

3-5
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3.2.2.1 Intermediate Power Amplifier Module

The IPA module is a three-section casting packaged into a purchased
RF shielded enclosure. The casting contains a modulator, oscillator, two
150-watt amplifiers, and two 1:2 power dividers. All subassemblies of the
IPA use microstrip technology.

The output from each of the 150-watt amplifiers is divided via a 1:2
Wilkinson network that uses Balun coax with appropriate phasing to protect
the amplifier transistors in case of a point failure.

3.2.2.2 1,150-Watt Amplifier Module
[}

We used four 1,150-watt amplifier modules to obtain the required
output of 4,000 watts. This modular approach allows reconfiguration to
1,000 or 2,000 watts output if desired, with redesigns of the IPA and
combiner modules.

Each module consists of a manufactured two-section casting packaged
into a purchased RF shielded enclosure. The amplifier itself operates
from a minimum 63-watt input. The input is passed through a 1l:3 power
divider, which in turn feeds three amplifier subassemblies, each of which
provides approximately 420 watts. Each 420-watt subassembly has four
l10-watt power transistors driven by a single 100-watt transistor, using
Wilkinson networks with quadrature phasing for power dividing and combining.
In the case of a transistor failure, the guadrature phasing allows reflected
power to be dissipated in an isolation resistor rather than an adjacent
transistor. The power from the three subassemblies is combined through a
3:1 microstrip combiner and then passed through a circulator to provide
essentially 1,150 watts of power at the module output.

Each 1,150-watt module contains its own power supply that utilizes
large storage capacitors to provide essentially constant energy to the

transistors during the pulse time.

3.2.2.3 4:1 Combiner Module

The 4:1 combiner module combines the inputs from the four 1,150-watt
modules to provide a power output of approximately 4,000 watts.

A casting identical to that of the IPA module is used to achieve
economies of scale, although only one section is needed for the combiner
board. The stripline board uses a Wilkinson combiner made of Balun coax.
The casting is packaged into a purchased enclosure.

3.2.3 Performance Monitor

The performance monitor module contains not only the performance mon-
itor PCBs, but also the modem and CIDIN line interface required of an auto-
mated ATC facility. Both the required modem and line interface module were
priced from commercially available sources.

3-7




The required performance monitoring, packaged in two PCBs, monitors
the receiver test gate and noise test pulse from the clock as well as the
video output -- all of which constitute the receiver gain test and receiver
sensitivity test. The Pl transmit pulse, clock status flag, and remote
thermistor are also monitored. The outputs of the performance monitor are
buffered to the processor and passed to the local status indicator panels
contained on the module front panel.

3.2.4 Power Supplies

The RBX requires 5-, 12-, and 48-volt power supplies. We used two
rack-mounted power supply modules that were considered to be purchased as
completely prepacked units containing all required front panels, meters,
switches, handles, and connectors. The 48-volt power supply is contained
in one module, and the 5- and 12-volt power supplies are contained in the
second multiple-output module.

3.2.5 Cabinet

The cabinet housing the RBX modules is a commercially available cabi-
net containing a ventilating grill and blower assembly for cooling. The
cabinet is apvoroximately 68 inches high and 24 inches deep. The front
width of 24 inches is sized to accept standard 19-inch racks and drawers.
The cabinet assembly also includes various power strips, connectors,
cables, and the wiring between modules, as well as the antenna connections
and circulator.

3.2.6 Antenna

The antenna used with the RBX is a commercially available omnidirec-
tional antenna for 1,015 to 1,040 MHz operation. It is vertically polar-
ized with 8 dBi (referenced to isotropic) gain at 1,030 MHz. It may be
mounted to a pipe 1 to 3 inches in diameter. The antenna is approximately
3 feet long and weighs 20 pounds.

3-8
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CHAPTER FOUR

DEVELOPMENT OF RADAR BEACON TRANSPONDER COST

RBX equipment costs were developed on subassembly levels and combined
to identify the expected cost of the transponder system. This chapter
presents the results of the cost development. Information necessary to
describe the equipment was developed by ARINC Research through detailed
design of the RBX. This allowed development of a representative bill of
materials for each subassembly. Parts chosen for the bill of materials
were designed to meet the electronic equipment requirements of FAA speci-
fication FAA-G-2100/1.

4.1 DEVELOPMENT OF SUBASSEMBLY COSTS

The cost of each transponder module identified in Chapter Three was
developed using traditional accounting methods. These methods require
detailed parts identification for the production of modules, subassemblies,
and systems. Each component was priced on the basis of OEM price lists
for quantities necessary for production assemblies. A material handling
charge of 25 percent was added to the cost of materials to allow for inven-
tory control, pretesting, expected yield, and in-plant distribution. For
major purchased items such as a power supply or antenna, a material han-
dling charge of 13 percent was used in lieu of 25 percent, because less
in-plant handling is required.

Calculations for assembly labor for each component were based on the
nature of the component (e.g., two-lead devices, three-lead devices), using
semiautomated insertion processes. The labor rate was derived from geo-
graphically corrected Department of Labor statistics for the electronic
industry. A 1981 labor rate of $17.85 per hour was assumed to be typical
for the expected manufacturers of this specialized electronics. Since the
labor rate used is a semiloaded hourly wage, an overhead burden of 135
percent was applied to the labor costs. A subassembly inspection cost of
5 percent was added to the labor and burden. The addition of a 25 percent
quality control and engineering cost to the sum of the material and labor
costs provided the direct production cost of a module or the system. A 20
percent G&A cost and an expected 15 percent profit were included in deter-
mining the factory selling price of the unit. Since typical production
practice is to manufacture equipment in subassemblies, the complete system
must be assembled and tested before it is released for sale., To account
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for this activity and expense, an assembly and test cost was included in
each cost analysis. The same.markups and rates were used in determining
the assembly and test cost, except that there are no material costs asso-
i ciated with the activity.

The following sections present the results of applying this cost
estimating method to each module of the RBX presented in Chapter Three.

Detailed parts lists associated with each configuration are included in
the Appendixes.

4.2 RBX COST

4.2.1 Receiver-Processor

The receiver-processor module consists of an RF front end and seven
PCBs containing the analog processor, decoder, timing assembly, and digital
processor assembly. The entire receiver-processor is integrated into a
chassis fitting a standard 19-inch rack. The chassis front panel contains
the various required switches, lamps, and test points. Table 4-1 presents
the cost development of the receiver-processor subassemblies based on
material and labor estimates of each subassembly. Detailed parts list and
labor data are presented in Appendix A. The assembly and test cost column
of Table 4-1 reflects the cost of integrating the subassemblies into a
working electronics unit and the cost associated with burn-in and final
testing of the unit, The total expected selling price of the receiver-

) processor assembly is $7,813.

4.2.2 Transmitter

The transmitter module consists of six major modules -- the intermedi-
ate power amplifier, four 1,150-watt amplifiers, and a 4:1 combiner. The
modules are designed to be independently inserted into a rack containing
appropriate aligning pins and connectors. The rack itself is designed to
fit into a standard 19-inch cabinet. Table 4-2 presents the cost develop-
ment of the transmitter subassemblies. Detailed parts list and labor data
are presented in Appendix B. The large cost associated with the frame in
Table 4-2 is because six connectors are required at $150 each. The total
expected selling price of the transmitter assembly is $29,640.

4.2.3 Performange Monitor

The performance monitor module includes the two performance monitor

: PCBs and the modem and line interface required for the CIDEN interface

X It is designed to fit into a chassis for installation in a standard 19-inch
rack. The chassis front panel includes all necessary switches and lights.
Table 4-3 presents the cost development of the performance monitor sub-
assemblies. Detailed parts list and labor data are presented in Appendix
C. The total expected selling price of the performance monitor assembly

is $8,877.
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Table 4-3. RBX PERFORMANCE MONITOR COST DEVELOPMENT (1981 DOLLARS)

Cost Element

Module Cost

Assembly

Monitor Modem Chassis Total
and Test

Material Cost 189.06 4,300.00 185.83 - 4,674.89
Purchased Items - 559.00 - - 559.00
(13% of Material Cost)
Material Handling 47.27 - 46.46 -- 93.73
(25% of Material Cost)
Labor 155.5¢ 3.57 132.57 33.02 324.72
($17.85 per Hour)
Burden 210.01 4.82 178.97 44.58 438.38
(135% of Labor)
Inspection 18.28 0.42 6.63 3.88 29.21
(5% of Labor and Burden)

Subtotal 620.18 4,867.81 550.46 81.48 6,119.93
Engineering and Quality 155.04 -- 137.62 20,37 313.03
Control
(25% of Subtotal)

Factory Cost 775.22 4,867.81 688,08 101.85 6,432.96
G&A 155.04 973.56 137.62 20.37 1,286.60
(20% of Factory Cost)

Total Direct Cost 930.26 5,841.37 825.70 122.22 7,719.55
Profit 139.54 876.21 123.85 18.33 1,157.93
(15% of Total Direct Cost)

Selling Price 1,069.80 6,717.58 949.55 140.55 8,877.48
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4.2.4 Power Supplies

The three required power supplies, considered to be purchased items,
are completely packaged with all appropriate meters, switches, and connec-
tors ready for installation in the 19-inch rack. The 48-volt power supply
is in one chassis, and the 12-volt and 5-volt power supplies are packaged
together in a second chassis as a multiple output power supply system.
Table 4-4 presents the cost development of the power supplies. The labor
cnsts represent the minimal effort required for installing the power
sapplies in the rack. No quality control or engineering costs are
incurred, because they are reflected in the power supply package purchase
price. The total expected selling price of the power supplies is $1,734.

4.2.5 Cabinet and Assembly and Test

The cabinet assembly is the actual cabinet into which the other sub-
assemblies are mounted. The cost associated with the cabinet includes not
only the cabinet, but the blowers, power strips, various connectors, the
circulator between the antenna and the transmitter/receiver-processor, and
all the labor time associated with the wiring between subassemblies.

The assembly and test time associated with the cabinet is the time
needed to mount the subassemblies into the cabinet, make connections, and
ensure that the RBX is in a state of operational readiness.

Table 4-5 presents the cost development of the cabinet and assembly
and test of the cabinet. The cabinet has an associated cost of §$3,498,
while the assembly and test time adds an additional $186 to the cost, for
a total cost of $3,684. Detailed parts list and labor data are presented
in Appendix D.

4.2.6 Antenna
The required antenna for the RBX is considered tc « - 1 pur " .-2d item
ready for installation. Table 4-6 presents the cost v ciopmenc ot the

antenna. The expected selling price of the antenna is $1,442.

4.2.7 Cost Summary

Table 4-7 shows the cost of the RBX with a 4 kW output. The costs
shown are the per-unit production costs of the equipment, assuming produc-
tion quantities of 100 to 200 units. System development costs and produc-
tion tooling costs are not included. The factory selling price is the
expected F.O0.B. cost to the procuring activity.




-—d oo oy 9N

Table 4-4. RBX SUPPLY COST DEVELOPMENT
(1981 DOLLARS)
Module Cost
Cost Element 48-vVolt 12- and
5~-Volt
Power Total
Supply Power
Supply
1 Material Cost 565.00 535.00 1,100.00
Purchased Items 73.45 69.55 143.00
(13% of Material Cost)
Material Handling - -- -
(25% of Material Cost)
Labor 2.68 2.68 5.36 i
($17.85 per Hour) ;
Burden 3.62 3.62 7.24
(135% of Labor) |
Inspection 0.32 0.32 0.64
, (5% of Labor and Burden) |
i
- Subtotal 645.07 611.17 1,256.24 :
Engineering and Quality - - -
- Control
{25% of Subtotal) !
Factory Cost 645.07 | 611.17 | 1,256.24
G&A 129.01 122.23 251.24
(20% of Factory Cost)
- Total Direct Cost 774.08 733.40 1,507.48
- Profit 116.11 110.01 226.12
(15% of Total Direct Cost)
¢ Selling Price 890.19 843.41 1,733.60




Table 4-5. RBX CABINET AND ASSEMBLY AND TEST
COST DEVELOPMENT (1981 DOLLARS)
Module Cost E
Cost Element
Chassis hss ly Total
and Test
Material Cost ~ 988.96 - 988.96
Purchased Items ' - - -
(13% of Material Cost)
Material Handling 247.24 - 247.24
(25% of Material Cost)
Labor 323.17 43.73 366.90
($17.85 per Hour)
Burden 436.29 59.04 495.33
(135% of Labor)
Inspection 32.31 5.14 37.45
(5% of Labor and Burden) :
, Subtotal 2,027.97 107.91 2,135.88
Engineering and Quality 506.99 26.98 533.97
Control
(25% of Subtotal)
Factory Cost 2,534.96 134.89 2,669.85
G&A 506.99 26.98 533.97
(20% of Factory Cost)
Total Direct Cost 3,041.95 161.87 3,203.82
Profit 456.29 24.28 480.57
(15% of Total Direct Cost)
Selling Price 3,498.24 186.15 3,684.39
|
t
i 1
!
' |
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Table 4-6. RBX ANTENNA COST DEVEL-
OPMENT (1981 DOLLARS)

Cost Element Cost
5
i Material Cost 925.00
Purchased Items 120.25

(13% of Material Cost)

Material Handling -
(25% of Material Cost)

Labor -
($17.85 per Hour)

Burden -
(135% of Labor)

Inspection --
(5% of Labor and Burden)

Subtotal -

Ergineering and Quality -
Control
(25% of Subtotal)

Factory Cost 1,045.20

: GsA 209.05
(20% of Factory Cost)

Total Direct Cost 1,254.25

Profit 188.14

(15% of Total Direct Cost)

Selling Price 1,442.39

Table 4-~7. RBX TRANSPONDER COST
- (1981 DOLLARS)
.. Equipment Cost
. Receiver-Processor 7,813
; Transmitter 29,640
! Performance Monitor 8,877
° Power Supplies 1,734
Cabinet 3,684
. Antenna 1,442
Factory Selling Price 53,190




CHAPTER FIVE

DEVELOPMENT OF COSTS FOR VARIATIONS IN TRANSMITTER POWER

The cost analysis of prototype equipment or designs is often developed
from engineering requirements or equipment that is still in various stages
of evaluation. Evaluation criteria used must take these limitations into
account and allow alternative scenarios to be evaluated for costs.

i
i
I
I
I
I
I
1

The RBX transmitter is currently specified to have a power output of
4 kW measured at the transmitter. However, the FAA requested a cost dif-
ferential of transmitters with approximately 1 kW to 2 kW transmitter power

'A‘

E outputs. Our modular transmitter design allowed us to determine such a
cost without completely redesigning the transmitter. It must be emphasized,

- however, that if a 1 kW or 2 kW transmitter were being developed, a com-
pletely different design approach might have been chosen.

**' 5.1 1 KW TRANSMITTER

]

Figure 5-1 is a diagram of the 4 kW transmitter. The possible cost
of a 1 kW transmitter can be developed with the assumption that only one
1,150-watt amplifier module would be required. This would allow us to
delete one 150-watt amplifier from the Iia, along with both 1:2 power
divider networks. We could also eliminate the 4:1 power combiner and four
connectors from the frame. The reduction of modules in the transmitter
would also allow a reduction in assembly and test time. Table 5-1 shows
the overall cost for our assumed 1 kW transmitter. The total cost of
$9,582 is approximately 32 percent of the cost of the 4 kW transmitter

design.

5.2 2 KW TRANSMITTER

e L—n! Gend P

k A 2 kW transmitter may also be conveniently derived from Figure 5-1 by
s f using only one 150-watt amplifier and two 1,150-watt amplifier modules,

! -+ and replacing the 4:1 combiner with a 2:1 combiner. This would allow a

J reduction in both frame cost and assembly and test time. Table 5-2 shows
the assumed cost for the 2 kW transmitter. The total cost of $17,531 is
approximately 83 percent greater than the cost of a 1 kW transmitter, but
41 percent less than the cost of a 4 kW transmitter.

POy |
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Figure 5-1. BLOCK DIAGRAM OF TRANSMITTER MODULES

5.3 RBX COST WITH VARIATIONS IN TRANSMITTER POWER

The total cost of the RBX with reduced transmitter power outputs
would vary only with the cost of the trangmitter; all other modules and
subassemblies would remain the same. A reduced capacity 48-volt power

! supply could reduce the cost of the RBX by an additional $115. This
option was not used in our analysis, however. Thus, an RBX with a 1 kW
transmitter would cost approximately $33,130; the cost of an RBX with a
2 kW transmitter would be approximately $41,080.
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Table 5~1. 1 KW RBX TRANSMITTER COST DEVELOPMENT (1981 DOLLARS)

Module Cost
Cost Element 1PA 1.15 kW Assembly
Module Module Frame and Test Total
Material Cost 878.50 | 1,096.05 335.54 - 2,310.09
Purchased Items - - -— - -
(13% of Material Cost)
Material Handling 219.63 274.01 83.85 - 577.49
(25% of Material Cost)
Labor 315.00 653.58 92.82 19.64 1,081.04
($17.85 per Hour)
Burden 425.25 882.33 125.31 26.51 1,459.40
(135% of Laber)
Inspection 37.02 76.80 10.91 2.31 127.04
(5% of Labor and Burxden)

Subtotal 1,875.40 | 2,982.77 648.43 48.46 5,555.06
Engineering and Quality 468.85 745.69 l62.11 12.12 1,388.77
Control
(25% of Subtotal)

Factory Cost 2,344.25 3,728.46 810.54 60.58 6,943.83
G&A 468.85 745.69 162.11 12.12 1,388.77
(20% of Factory Cost)

Total Direct Cost 2,813.10 | 4,474.15 972.65 72.70 8,332.60
Profit 421.97 671.12 145.90 10.90 1,249.89
(15% of Total Direct Cost)

Selling Price 3,235.07 5,145.27 1,118.55% 83.60 9,582.49
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CHAPTER SIX

RESULTS OF EVALUATION

This study has developed the unit production cost of an RBX on the
basis of the accounting method of cost estimating. The RBX design data
used for the cost analysis came from RBX circuit and equipment designs
developed by ARINC Research Corporation. The production cost data were
developed through detailed analysis of the methods of several leading
electronics manufacturers producing both ground and airborne electronics
equipment.

6.1 COST OF CONCEPT EVALUATED

Table 6-1 summarizes the unit production cost of the RBX developed by
the accounting method. The values indicate the probable factory selling
price per RBX. System development and production tooling costs are not
included in the unit production cost. All costs are based on 1981 dollars
without .nflation.

Table 6-1. RBX TRANSPONDER COST
(1981 DOLLARS)
Equipment Cost
Receiver-Processor 7,813
Transmitter 29,640
Performance Monitor 8,877
Power Supplies 1,734
Cabinet 3,684
Antenna 1,442
Factory Selling Price 53,190




6.2 DEVELOPMENT OF COSTS FOR VARIATIONS IN TRANSMITTER POWER

The modular transmitter design allowed variations in the transmitter
power outputs to be costed with slight redesigns of the transmitter IPA
and/or the combiner module. Adaption of our modular transmitter design
allowed us to postulate that a 1 kW transmitter would cost approximately
$9,580, and a 2 kW transmitter would cost approximately $17,530. These
transmitter costs may be compared with a 4 kW transmitter cost of $29,640.*
It must be emphasized, however, that if our intent had been to develop a
1 kW or 2 kW transmitter, a completely different design approach might have
been chosen.

*The cost of an RBX with a 1 kW transmitter would be approximately $33,130;
an RBX with a 2 kW transmitter would cost approximately $41,080.
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APPENDIX A

RECEIVER-PROCESSOR PARTS LISTS AND
COST DEVELOFPMENT DATA SHEETS

This appendix contains the work sheets used to develop costs of
modules employed in the receiver-processor. These costs were the basis
for the calculations presented in Chapter Four of the report.
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APPENDIX B

TRANSMITTER PARTS LISTS AND
COST DEVELOPMENT DATA SHEETS

This appendix contains the work sheets used to develop costs of
modules employed in the transmitter. These costs were the basis for the
calculations presented in Chapter Four of the report.
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APPENDIX C

PERFORMANCE MONITOR/MODEM PARTS LISTS AND
COST DEVELOPMENT DATA SHEETS
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This appendix contains the work sheets used to develop costs of
modules employed in the performance monitor/modem. These costs were
the basis for the calculations presented in Chapter Four of the report.
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APPENDIX D 1

- CHASSIS PARTS LISTS AND
COST DEVELOPMENT DATA SHEETS

This appendix contains the work sheets used to develop costs of i
- modules employed in the chassis. These costs were the basis for the :
calculations presented in Chapter Four of the report.
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APPENDIX E

MICROPROCESSOR SYSTEM INTERFACE SCHEMATIC
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